Bladder cancer develops in the urothelial lining from intraurothelial preneoplasia via two pathways, papillary and nonpapillary, which correspond to nonaggressive and aggressive forms of the disease. Because these two forms of cancer may develop via distinct molecular events, we examined the gene expression patterns in the development of bladder cancer from preneoplasia along papillary and nonpapillary pathways. The expression profiles of 19 pairs of RNA samples from adjacent urothelium and tumors were analyzed using cDNA microarrays. For selected genes their expressions were verified on a cohort of 251 bladder cancer patients using tissue microarray and immunohistochemistry and were related to clinicopathological parameters including follow-up data. We identified alterations in seven gene clusters controlling proliferation, differentiation, and programmed cell death that were common for papillary and nonpapillary cancer. In contrast, genes controlling cellular and stromal interactions were altered in the nonpapillary cancer. The expression levels of only two genes from this group could be used to define an aggressive form of the disease. Tumors characterized by the low expression of e-cadherin and the high expression of DNA a-topoisomerase II had a high propensity for distant metastasis and were associated with poor survival. Laboratory Investigation (2005) 85, 532-549.
Many common human epithelial malignancies develop by progression of microscopically identifiable precursor conditions ranging from mild dysplasia to carcinoma in situ. 1 These conditions progress to clinically aggressive invasive cancer by multiple cumulative molecular events. 2 In fact, the earliest incipient changes occur in normal tissue even before preneoplastic lesions can be microscopically identified. The identification of abnormally expressed genes in such occult preneoplastic lesions may provide important clues as to the molecular pathways involved in the development of human cancer and facilitate early cancer detection and prevention.
Carcinoma of the bladder is an exceptionally good candidate for such studies representing a model epithelial malignancy, which develops from microscopically recognizable intraurothelial preneoplastic lesions. [2] [3] [4] The fifth most frequent human cancer, it primarily affects people over the age of 50 years, and accounts for approximately 3% of all cancerrelated deaths. 5 The common bladder carcinomas arise via two distinct, but sometimes overlapping pathways, papillary and nonpapillary. [6] [7] [8] [9] Approximately 80% of bladder tumors are superficially growing lesions that originate from urothelial hyperplasia. They frequently recur after excision but usually do not aggressively invade the bladder wall or metastasize. Most aggressive bladder cancers are of the solid, nonpapillary type and originate from intraurothelial precursor conditions such as dysplasia and carcinoma in situ. They aggressively invade the bladder wall and have a high propensity for distant metastasis.
In this paper, we describe the gene expression profile of bladder cancer as it develops from preneoplastic conditions via papillary and nonpapillary pathways. We used cDNA microarrays to identify abnormally expressed genes in the preneoplastic intraurothelial phase of bladder cancer and disclosed distinctive gene clusters abnormally expressed in both pathways as well as those signifying the onset of invasive disease. For selected genes, the expression profile was tested by immunohistochemistry in bladder tumor tissue microarrays in relation to the pathological parameters of tumors and clinical follow-up data.
Material and methods

Tissue Samples
Tumor samples and follow-up data were collected and archived according to the laboratory protocol approved by the Institutional Review Board of The University of Texas MD Anderson Cancer Center. All patients had primary urothelial carcinomas of the bladder, and none of the patients whose tumor samples were used in this study received prior chemotherapy or radiotherapy. The gene expression profiles in 19 pairs of RNA samples obtained from adjacent urothelium and bladder tumors were analyzed with cDNA microarrays. The patients ranged from 49 to 81 years in age (mean, 69 years), 14 patients were men and 5 were women. The baseline gene expression profile was obtained using RNA of normal urothelium derived from ureters without evidence of urothelial neoplasia excised for other medical reasons. Each fresh cystectomy specimen was opened longitudinally along the anterior wall of the bladder and pinned down to a paraffin block. One representative section from the central area of grossly identified tumor was removed, cut into small pieces, and transferred to a conical tube containing 5 ml PBS. The tube was mechanically agitated for 5 min using a vortex mixer to release the tumor cells. The presence of the tumor in the tissue was confirmed by microscopic analysis of a parallel frozen section stained with hematoxylin-eosin. Cell suspensions of urothelium adjacent to tumors were prepared by mechanical scraping of the mucosal surface with a razor blade. First, a selected adjacent mucosal area was marked with India ink and its surface urothelium was scraped with a razor blade. Multiple histologic sections of the scraped area were submitted for microscopic examinations to rule out contamination with invasive tumor or with grossly occult microscopic papillary lesions. The samples were then transferred to conical tubes containing PBS, and their purity was determined by cytological examinations of cytospin preparations. Only those samples that yielded more than 90% microscopically recognizable intact normal, dysplastic or tumor cells were used for RNA extraction.
For selected up-and down-regulated genes identified by cDNA microarrays, expression profiles were verified by immunohistochemistry using a tissue microarray, that contained samples of 251 bladder tumors related to patient follow-up data. The tumors were classified according to the threetier World Health Organization (WHO) histological grading system and growth pattern (papillary vs nonpapillary). 10 The depth of invasion was recorded according to the tumor-node-metastasis (TNM) staging system. 11 Stage T 1 (lamina propria invasion) has been divided into T 1a (no muscularis mucosae invasion) and T 1b (muscularis mucosae invasion), which has a significantly higher risk of progression. 12 So, as in our previous publications, the tumors were dichotomized into superficial (T a -T 1a ) and invasive (T 1b and higher) groups. 13 
cDNA Microarray Assay
For extraction of RNA, tissue samples were placed immediately in TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and homogenized using a PowerGen 125 tissue homogenizer (Fisher Scientific, Pittsburgh, PA, USA). Total RNA was isolated using the TRIzol reagent protocol. The quality of the RNA was evaluated by RNA gel electrophoresis. The hybridization experiments including cDNA synthesis, labeling, and hybridization were carried out as previously described. 14, 15 Briefly, 1 mg aliquots of total RNA corresponding to six samples of normal urothelium and 19 pairs of bladder tumors and their adjacent urothelium were used for cDNA synthesis using a dT 25 -T7 primer. The cDNA products were used for antisense RNA (cRNA) amplification by T7 in vitro transcription (Ambion, Inc., Austin, TX, USA). The pairs of aliquots containing 5 mg of amplified cDNA from each sample were labeled with Cy3-dCTP and Cy5-dCTP by reverse transcription using a random hexamer (Amersham Pharmacia Biotech, Piscataway, NJ, USA). The slides were hybridized with the labeled cDNA using ExprssHyb solution (Clontech, Palo Alto, CA, USA), which contained poly dA (Amersham Pharmacia Biotech), yeast tRNA (GIBCO-BRL, Gaithersburg, MD, USA) and human Cot I DNA (GIBCO-BRL). Hybridization was carried out at 601C for 14-16 h, and the arrays were scanned at 20 mm resolution on a GeneTACt LSIN scanner (Genomic Solutions, Ann Arbor, MI, USA). (Detailed information on the fabrication of the cDNA microarray used in this study can be obtained from http://www. mdanderson.org/~genomics.) A total of 2142 known human cDNAs were prepared by PCR from the Research Genetics cDNA clone library using the two primers, purified using MultiScreen PCR plates (Millipore Corp., Bedford, MA, USA), and verified by sequencing before printing. 16 The DNA clones, in 384-well plates, were spotted onto poly-L-lysine-coated microscope slides using an arrayer (Genomic Solutions).
cDNA Microarray Data Processing and Analysis
Data processing including scanning, imaging, quantification, normalization, and quality control were performed as described previously. 17 Briefly, all of the images were quantified in ArrayVisiont (Imaging Research, St Catharines, ON, Canada); the quantification files for each array contained foreground and background measurements for each spot in each channel. After local background correction, the intensities of both channels were normalized to the 75th percentile, which was set to 1000. Values below a threshold of 25 were set to 25 to reduce noise, and all intensity values were log 2 transformed. Genes differentially expressed in bladder tumors vs normal urothelium or urothelium adjacent to tumors were identified through the application of a series of filters. Genes whose expressions were consistently changed in the same direction were identified by t-tests with a significance level of a ¼ 0.05 after a Bonferroni adjustment. To focus on those genes whose differences in expression were largest, we retained only those where the corresponding average fold change was 42. To identify functionally related groups of genes, we performed hierarchical clustering of both the genes and the samples using Euclidean distance and complete linkage; functions were assessed using Fisher's exact test and gene membership defined in GeneOntology.
Quantitative Real-Time RT-PCR
To verify the cDNA microarray data, the expression levels for selected upregulated and downregulated genes were analyzed by quantitative real-time reverse transcription polymerase chain reaction (RT-PCR). The cDNA samples corresponding to the six samples of normal urothelium and the 19 pairs of bladder tumor and adjacent urothelium analyzed by cDNA microarrays were synthesized using TaqMan RT reagents (Applied Biosystems, Foster City, CA, USA) and used as templates for quantitative realtime RT-PCR. The primers and fluorescence probes for data binding protein 3 (GATA3); wingless-type MMTV integration site family, member 5A (WNT5A); vasoactive intestinal peptide receptor 1 (VIPR1); e-cadherin (CDH1); metalloproteinase 7 (MMP7); dual-specificity phosphatase (DUSP5); tumor necrosis factor-alpha-induced protein 3 (TNF A1P3); lipocalin 2 (LCN2); collagen, type VI, alpha-3 (COL6A3); plasminogen activator tissue (PLAT); DNA a-topoisomerase II (TOP2A); placktrin homology-like domain family A number 1 (PHIL-DA1); lumican (LUM); collagen, type III, alpha-1 (1COL3A1); cell division cycle 2 (CDC2); carcinoembryonic antigen-related cell adhesion molecule 6 (CEACAM6); collagen, type I, alpha-2 (COL1A2); fibronectin (FN1); runt-related transcription factor 2 (OSF2); and metalloproteinase 12 (MMP12) were designed according to the Assays-by-Design Service provided by Perkin-Elmer/Applied Biosystems. To avoid amplification of the residual genomic DNA, the primers flanking the sequences for amplifications were located in different exons. The amplifications were carried out in a Perkin-Elmer/Applied Biosystems 7700 Prism using the following temperature profile: denaturation at 951C for 15 s, annealing and extension at 601C for 1 min. Amplifications were performed in duplicates for each gene, and 18S rRNA was used as an internal control to normalize the quantity of cDNA. Expression levels of each gene were calculated relative to their expression levels in normal urothelium.
Tissue Microarray and Immunohistochemistry
Immunohistochemical studies were performed on two distinct sets of formalin-fixed paraffinembedded tissue samples using the avidin-biotin peroxidase complex method. 18 First, they were 0 -diaminobenzidine as a chromogen (DAKO) and hematoxylin as a counterstain. Sections of normal urothelium from ureters of nephrectomy specimens without evidence of urothelial neoplasia were used as positive controls. Sections incubated with secondary reagents only served as negative controls. Both negative and positive controls were included in all runs. The intensity of staining was visually evaluated and compared to the level of staining in sections of normal ureters.
The tissue microarray was assembled as previously described. 19, 20 In brief, histologic slides from 251 bladder cancers were reviewed and the most representative, well-preserved areas of the tumor tissue were selected and marked. The donor paraffin blocks were punched in areas of interest using a microarray instrument (Beecher Instruments, Inc., Sun Prairie, WI, USA) and 0.6 mm cores of the tumor tissue were transferred to a recipient block. The recipient microarray block contained 85 noninvasive low-grade (Grade 1-2) papillary carcinomas, 26 noninvasive high-grade (Grade 3) papillary carcinomas, and 140 invasive high-grade (Grade 3) nonpapillary carcinomas. Overall, the microarray contained 111 superficial (T a -T 1a ) and 140 invasive (T 1B and higher) transitional cell carcinomas of the bladder.
For immunohistochemical staining 2mm tissue sections of the recipient microarray block were stained with the following primary antibodies: e-cadherin (CDH1), fibronectin (FN1), topoisomerase DNA II alpha (TOP2A), cell division cycle 2 (CDC2), metalloproteinase 7 (MMP7), metalloproteinase 12 (MMP12), parvalbumin (PVALB), and collagen III (COLA3A1) using the same concentrations and protocol as described above.
Tissue Microarray Data Processing and Analysis
The staining intensity of each antigen in the tissue microarray was measured using an automated scanner GenoMx (Automated Digital Image System, Bio Genex, San Ramon, CA, USA) following the manufacturer's recommendations. The area of tumor was outlined in each tissue core, and its staining intensity was compared to the intensity of staining in normal urothelium for each protein. For each tumor sample, the relative expression level (REL) of a gene was calculated as follows:
where P was the area of the tumor with positive staining (%), M was the area of the tumor with medium staining intensity, and H was the area of the tumor with high staining intensity. The tumors were divided into two groups, that is, those with REL scores above and below the median value for each gene.
The relationship between expression levels of genes and various clinicopathologic parameters was analyzed using two-sample t-tests and Wilcoxon's rank sum test. Measures were analyzed both with and without logarithmic transformation with similar results in both. The nonparametric and parametric tests were in qualitative agreement throughout.
The expression levels of individual genes in relation to the time between diagnosis and recurrence, to the time between diagnosis and metastasis, and to overall survival were examined with Kaplan-Meier plots and tested for significance with log-rank tests.
Univariate Cox proportional hazard models were used to assess the relation of each gene's expression level to time between diagnosis and recurrence, to time between diagnosis and metastasis, and to overall survival. Finally, the expression levels for each gene were analyzed with multivariate Cox proportional hazard models, which included such Figure 2 Expanded view of gene cluster 4 differentially expressed in TCC and adjacent urothelium. The examples of differentially expressed gene cluster based on more than a two-fold change in adjacent urothelium (AU) and tumor (TCC) as compared to normal urothelium. The genes in these clusters were filtered with the Wilcoxon rank sum and t-tests. This cluster contain genes encoding nuclear transcription factors, gene involved in mediation of immune response, and genes related to cell-cycle regulation. The color scale of gene expression level is depicted in Figure 1 . A complete list of genes (clusters 1-7) differentially expressed in TCC and adjacent urothelium is submitted as supplemental material.
clinicopathological parameters as histologic grade, growth pattern, and stage as covariates.
Results
Gene Expression Profiles of Papillary and Nonpapillary Bladder Cancer
To identify abnormally expressed genes that are potentially involved in the development of bladder cancer, we tested 19 pairs of tissue samples taken from tumor and adjacent urothelium and compared their gene expression patterns to six samples of normal urothelium. These analyses identified 193 and 166 genes with abnormal expression in tumors and urothelium adjacent to tumors, respectively. A two-dimensional hierarchical analysis identified seven distinct clusters of genes that were differentially expressed in tumors and their adjacent urothelium as compared with normal urothelium (Figure 1a) . Their alterations underlie the development of bladder cancer from intraurothelial preneoplastic conditions regardless of histologic grade and growth pattern, because in general the gene expression profile was similar in low-grade papillary and high-grade nonpapillary pathways. In fact, we could not separate the pathogenetic subsets of bladder tumors such as papillary vs nonpapillary and low-grade (Grade 1-2) vs high-grade (Grade 3) using clustering analysis of all abnormally expressed genes. In contrast, we could separate tumors and their adjacent urothelium based on cluster analysis using 34 differentially expressed genes (Figure 1b and c) .
The seven clusters contained primary transcription regulators of key cellular functions. Genes in clusters 1 through 3, which were highly overexpressed in adjacent urothelium and tumors, encode proteins involved in apoptosis and cellstroma interactions. Cluster 4 genes, which were also overexpressed in adjacent urothelium and tumors, encode nuclear transcription factors, genes involved in mediation of immune response, genes related to cell-cycle regulation, and genes involved in angiogenesis such as fibroblast growth factor receptors namely FGFR4. Downregulated genes related to stress response and cell differentiation formed cluster 5. Cluster 6 contained upregulated genes encoding major histocompatibility complexrelated proteins, while cluster 7 genes, encoded proteins with unspecified functions, which were downregulated in tumors and their adjacent urothelium. Expanded view of gene cluster 4 is provided in Figure 2 . A complete list of genes and their relative expression levels for each cluster are provided in the supplemental material.
Since low-grade papillary and high-grade nonpapillary invasive TCCs are postulated to arise via distinct molecular mechanisms, we attempted to identify genes that were differentially expressed in these two groups of tumors. We found a cluster of 68 genes primarily coding for proteins regulating cellular-stromal interactions (Figure 3) . In general, clinically aggressive, invasive, nonpapillary tumors were characterized by upregulation of genes coding for proteases responsible for degradation of stromal elements such as cellular metalloproteinase 7 (MMP7), metalloproteinase 12 (MMP12), and cathepsin E (CTSE) and genes involved in the promotion of invasive growth such as fibronectin (FN1) and downregulation of cell adhesion molecules such as cadherins (CDH).
The elevated expression levels of genes related to ras pathway were present in cluster 4 and in a list of 34 genes differentially expressed in tumors and normal urothelium. These included v-Ki-ras2 Kirsten rat sarcoma 2 viral oncogene homolog (KRAS2), mitogen-activated protein kinase 3 (MAP2K3), and member RAS oncogene family (RAB9). In addition, MAP2K3 was overexpressed in clinically aggressive high-grade invasive nonpapillary tumors.
To validate gene expression data obtained with cDNA microarrays, we performed quantitative realtime RT-PCR and immunohistochemical studies for selected up-and down-regulated genes using the same pairs of tumor and adjacent urothelium RNA samples. The levels of gene expression obtained by real-time RT-PCR were compared to the baseline levels in normal urothelium (Figure 4a ). In general, the real-time RT-PCR and immunohistochemical study results were similar to the results obtained with cDNA microarrays. However, several upregulated genes coding for proteins that are typically not expressed in epithelial cells such as collagens appeared. This overexpression might have resulted from contamination of urothelial or tumor cell samples with nontumor stromal components. In fact, the immunohistochemical stains of parallel sections from tumors used for cDNA microarrays showed that the upregulation of genes coding for collagens did not occur in tumor cells but in the adjacent stromal tissue (Figure 4b ). 
Validation of Six Proteins Defining Aggressive Bladder Cancer
Finally, we selected six genes: DNA a-topoisomerase II (TOP2A), cell division cycle 2 (CDC2), MMP7, MMP12, FN1, and e-cadherin (CDH1) that displayed major differences in mRNA levels between lowgrade (Grade 1-2) superficial papillary tumors and high-grade (Grade 3) invasive carcinomas for comparisons to immunohistochemical results and clinical follow-up data ( Table 1) . Overexpression of FN1 and CDC2 correlated with high histologic grade and invasive phenotype while overexpression of TOP2A and MMP12 correlated with high histologic grade but not with invasion ( Table 1 ). The strongest association was detected for downregulation of CDH1, which was associated with a nonpapillary growth pattern, high histologic grade, and stromal invasion. The immunohistochemical staining patterns for CDH1 and normal urothelium and two major subsets of bladder tumors corresponding to low-grade papillary TCC and high invasive nonpapillary TCC are shown in Figure 5 . Reduced expression of CDH1 and high expression of TOP2A was associated with increased propensity for distant metastasis and decreased 5-year and overall survival ( Table 2) .
By using the immunohistochemical expression levels of six genes, we were able to classify the tumors into two major groups (Figure 6a ). The first group (cluster A) consisted of predominantly lowgrade superficial papillary carcinomas characterized by the low expression of TOP2A, FN1, MMP7, MMP12, CDC2, and the high expression of CDH1. The second group (cluster B) consisted predominantly of high-grade bladder carcinomas characterized by the reduced expression of CDH1 and the increased expression of the remaining five genes. These clusters did not, however, correlate well with the clinical behavior of tumors (Tables 2 and 3 ). In order to identify the combination of genes whose expression levels could be used to identify aggressive forms of bladder cancer, we performed additional cluster analyses using only those genes whose expressions correlated individually with at least some predictors of clinical behavior. Using this approach, we identified that the combined use of CDH1 and TOP2A expression levels can be used to classify tumors into two groups that correlated well with more and less aggressive forms of bladder cancer (Figure 6b) . Tumors characterized by the high expression of TOP2A and the reduced expression of CDH1 displayed increased propensity for distant metastasis and were associated with the decreased metastasis-free and overall survival as compared to those tumors that showed low expression of TOP2A and high expression level of CDH1 (Figure 7) . The relationship of these parameters with clinical aggressiveness was evident in both Kaplan-Meier and Cox proportional hazard analysis (Tables 2 and 3 ). The predictions of adverse clinical outcome based on the expression levels of CDH1 and TOP2A were as strong as those based on the conventional clinicopathological parameters such as histologic grade of the tumor and stage of the disease (Tables 4 and 5 ).
Discussion
Our analysis of gene expression profiles in the urothelium adjacent to tumors showed that the alterations in gene clusters involved in the transcription process underlie the development of bladder cancer from intraurothelial preneoplastic conditions. There was a remarkable similarity between the expression profiles for the tumors developing via papillary and nonpapillary pathways, implying that such alterations represent a common theme of bladder carcinogenesis. Out of seven clusters that showed an altered expression profile in bladder tumors and their adjacent urothelium, only 68 genes showed differential expression in the low-grade superficial papillary tumors and high-grade invasive nonpapillary carcinomas. The cluster of 68 genes differentially expressed between the two major pathogenetic subsets of bladder tumors coded primarily for proteins involved in cell stroma interactions. The high-grade invasive tumors were characterized by increased expression of genes coding for proteins responsible for stromal Staging is according to the TNM classification of malignant tumors with T 1a -T 1b substaging. Tumors were divided into two groups designated as superficial (T a -T 1a ) and invasive T 1b -T 4 .
Expression profile of genes in bladder cancer J-H Kim et al degradation such as MMP7, MMP12, and CTSE or for proteins such as FN1 involved in the promotion of invasive growth. These tumors were also characterized by a downregulation of genes coding for cell adhesion proteins such as cadherins. The expression profile of these genes was altered not only in tumor but also in adjacent urothelium. Therefore, the signature expression profiles of the tumor could be detected in the intraurothelial occult phase of bladder neoplasia. When six representative genes showing differential expression in major pathogenetic pathways of bladder carcinogenesis were tested on tissue microarrays, the bladder tumors were separated into two groups corresponding in general to low-grade superficial tumors and highgrade invasive carcinomas. The classification of bladder tumors based on the combined use of six genes did not, however, correlate well with their clinical behavior. In contrast the expression levels of two genes only (CDH1 and TOP2A) could be used to predict adverse clinical outcomes of patients with bladder cancer. Tumor characterized by the high expression of TOP2A and reduced expression of CDH1 showed high propensity for distant metastatsis and were associated with the decrease of metastasis-free and overall survival of patients with bladder cancer. Molecular data and numerous clinical studies indicate that alterations in both the p53 and RB cell cycle regulatory pathways involving either direct alterations of the p53 and RB1 genes or loss of the randomly linked CDKN2a (p16ink4a) and ARF (p19ink4a) genes play a major role in human bladder carcinogenesis. 21 Alterations of the p53 and RB regulatory pathways are predominantly seen in clinically aggressive high-grade bladder cancer. [22] [23] [24] [25] [26] [27] [28] *P-values of Kaplan-Meier log-rank test.
a The expression for each gene was determined by immunohistochemical analysis in tissue microarray and represents the comparison between the tumor groups expressing low and high level of the gene with the median value of REL differentiating low and high expression levels. b Clusters A and B were defined on the basis of differential expressions of six genes in tissue microarray as depicted in Figure 6a . c Using immunohistochemical expression levels of CDH1 and TOP2A tumors were classified into two groups-(C) characterized by high expression levels of CDH1 and low expression levels of TOP2A and (D) characterized by overexpression of TOP2A and low expression of CDH1 as shown in Figure 6b . Histologic grading was performed according to WHO grading system for bladder tumors. e Tumors were staged according to the TNM classification of malignant tumors with T 1a /T 1b substaging.
The feature that correlates with aggressive clinical behavior is shown in parentheses.
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The loss of function of these key tumor suppressors in bladder carcinogenesis is related to point mutations, which typically do not affect their expression levels. Thus, the alterations of p53 and RB1 could not be effectively analyzed by cDNA microarrays used in our study.
The human ras genes represent an important prototypical family of cellular transforming genes originally identified in the T24 human urothelial cancer cell line. 29 Two mechanisms for ras gene transformation have been discovered.
The most frequent is mutation of codons 12, 13, 59, or 61, which affect the enzymatic activity of the protein. In the second mechanism, internal splicing within the last intron mediates ras gene expression. Mutations of the coding sequence of the H-ras gene, especially at codon 12, are relatively frequent, appearing in approximately 30-40% of urothelial malignancies. 30 Although concurrent mutations within the splicing mechanism and the coding sequence resulting in the overexpression of the transforming gene product were found exclusively in high-grade and high-stage tumors, they could be documented in less than 10% of urothelial tumors. Since the activation of H-ras in bladder carcinogenesis is primarily by point mutations, which do not alter significantly its expression, we could not detect the direct involvement of this gene by the technology used in our study. However, the upregulation of KRAS2, MAP2K3, and RAB9 was consistent with the ras pathway activation.
More recent studies on the development of bladder preneoplasia provide evidence that some early molecular events are common for both pathogenetic pathways (papillary and nonpapillary). These events precede the development of even microscopically recognizable disease and are antecedent to the involvement of major known tumor suppressors such as RB1 and p53. [31] [32] [33] [34] [35] Although cDNA microarrays could not detect any direct involvement of RB1 and p53 in Figure 6a . c Using immunohistochemical expression levels of CDH1 and TOP2A, tumors were classified into two groups-(C) characterized by high expression levels of CDH1 and low expression levels of TOP2A and (D) characterized by overexpression of TOP2A or low expression of CDH1 as shown in Figure 6b . Using immunohistochemical expression levels of CDH1 and TOP2A tumors were classified into two groups. The first group was characterized by high expression levels of CDH1 and low expression levels of TOP2A. The second group was characterized by high expression levels of TOP2A or low expression levels of CDH1 as shown in Figure 6b .
bladder cancer, they did identify clusters of genes, unique to subgroups of tumors such as superficial (T a -T 1a ) or invasive (T 1b -T 4 ) tumors. 36 The alteration of a cell adhesion cluster characteristic of invasive tumors is particularly important and has been identified by prior cDNA microarray studies. [36] [37] [38] The role of fibroblast growth factor receptors (FGFRs) in bladder cancer-associated angiogenesis has been recently extensively studied. 39 It appears that some of those receptors (FGFR3) can be mutated while others (FGFR1 and 2) show abnormal expression levels. The identification of overexpressed FGFR4 in our study provides additional information . (e and f) Metastasis-free and overall survivals by the joint immunohistochemical expression levels of CDH1 and TOP2A. The first group is characterized by the highexpression level of CDH1 and low-expression levels of TOP2A. The second group is characterized by the low-expression levels of CDH1 and the high-expression levels of TOP2A. Point estimates for 1st, 3rd, and 5th year after diagnosis and their respective 95% confidence intervals for proportions of patients surviving free of metastasis and for overall survival are provided in Tables 4 and 5. on the involvement of this class of genes in bladder carcinogenesis. Prior studies documented that mutations and overexpression of FGFR4 are associated with progression and aggressive clinical behavior of several epithelial and soft tissue malignancies. [40] [41] [42] In summary, our study showed that the alterations of gene clusters involved in the transcriptional regulation of proliferation, differentiation, and programmed cell death underlie the development of bladder cancer. Such alterations represent a unifying theme of papillary and nonpapillary pathways of bladder cancer development and were detected not only in clinically evident tumors but also in their adjacent urothelium. This observation implies that such changes occurred in the intraurothelial preneoplastic phase of bladder neoplasia. In fact, they are keeping with our previously published observations indicating that both pathways (ie papillary and nonpapillary) of bladder carcinogenesis start as clonal expansions of phenotypically normal urothelial cells. [32] [33] [34] [35] Clones involving large areas of bladder mucosa accompanying both superficial and invasive bladder tumors can be identified in virtually all resected bladders. In this scenario, the continuous growth of such clones results in the formation of superficial low-grade papillary tumors, which may recur but have virtually no potential for invasion or metastasis. The subsequent loss of function of major tumor suppressor genes and alterations of proteins that interact with the stroma appears critical for the development of clinically aggressive form of bladder cancer. Using immunohistochemical expression levels of CDH1 and TOP2A, tumors were classified into two groups. The first group was characterized by the high expression levels of CDH1 and low expression levels of TOP2A. The second group was characterized by high expression levels of TOP2A or low expression levels of CDH1 as shown in Figure 6b . 
